Objectives. This study assessed the contribution of age and other risk factors to racial disparities in rates of moderately low birthweight (MLBW; 1500-2499 g) and very low birthweight (VLBW; <1500 g).
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The persistence of a Black-White gap in low birthweight (LBW) and very low birthweight (VLBW) rates in the United States continues to be a serious public health problem. African American infants are more than twice as likely as White infants to be born weighing less than 2500 g (14.2% vs 6.3%), and almost 3 times as likely to be born weighing less than 1500 g (3.1% vs 1.2%). 1 The vast majority of births under 1500 g are associated with preterm delivery-the leading cause of death among African American infants in the United States. 2, 3 For the most part, the risks for LBW and VLBW births have been "individualized," emphasizing those characteristics of individuals that increase the likelihood of a low-weight delivery rather than environmental and social factors affecting population rates. 4 Although
African American women carry a disproportionate burden of individual risk factors, such as unmarried status and late entry into prenatal care, 5 racial differences in the distribution of such risks do not explain the disparity in birth outcomes, 6 nor are interventions based on these factors likely to reduce the racial gap. [7] [8] [9] Furthermore, some individual risk factors operate differently across racial/ethnic groups, [10] [11] [12] [13] [14] [15] making it difficult to adjust meaningfully for confounders in studies involving multiple racial groups and potentially biasing estimates of effect. 16 Recent reports suggest that older maternal age is also associated with increased risk of low birthweight among singletons, but this effect has been described among African American women only. [17] [18] [19] Geronimus has termed the deterioration in reproductive health status over the childbearing years among African American women "weathering." 11 Although these findings suggest that maternal age operates differently for African American and White women, studies of birth outcomes generally treat this factor as a covariate or confounder, rather than exploring the joint impact of maternal age, race, and other risk factors.
Recently, there has been renewed public health interest in the role of community and other social-structural factors as determinants of birth outcomes, [20] [21] [22] [23] providing additional insight into racial disparities. For example, rates of LBW and VLBW are higher in US cities than the suburbs or the nation as a whole, 24 with the highest rates found in the largest cities. 25 Ecological influences on birth outcomes have also been demonstrated within racial/ethnic groups, further supporting the idea that residential context (or factors associated with residential context) may have important health consequences. Polednak found that infant mortality rates among African Americans differed by degree of racial segregation, possibly because highly segregated areas are characterized by extremely concentrated poverty, inadequate health care, substandard housing, crime, and other stressors. 26 Consistent with this finding is a report that rates of LBW (specifically, intrauterine growth retardation) among low-income African Americans are higher for women who reside in more violent, as compared with less violent, communities. 27 Finally, a number of studies have shown that African American women born in the United States have higher rates of LBW than African American women born outside the United States, suggesting the importance of nativity in addition to community of current residence.
28,29
The question arises as to whether maternal age operates as a risk factor for pregnant women entirely at the individual level (possibly in concert with other individual-level risk factors) or whether the aging effect also expresses the cumulative impact of some higherlevel conditions or exposures on birth outcomes. 8 At first look, maternal age would seem to offer little explanation for the BlackWhite gap in LBW or VLBW rates. To begin with, a racial gap is clearly evident at all maternal ages. [5] [6] [7] In addition, the distribution of births by maternal age peaks much earlier for African Americans than for Whites, so that a larger proportion of African American births occur to women who are actually at lowest risk for LBW delivery. Nevertheless, the few studies that have looked at the impact of maternal age in community context suggest that geographic variations in magnitude of the maternal age effect may provide clues to the presence of exposures in certain populations that erode reproductive health outcomes over the childbearing years, possibly shedding light on the causes of racial disparities at all ages. For ex-ample, Geronimus reported that the effect of maternal aging on birthweight (weathering) is magnified among African American women who reside in low-income, as compared with high-income, urban areas, 19 suggesting that the impact of maternal age on birth outcomes may depend on some underlying processes associated with social or residential context. Findings such as these have prompted researchers to employ contextualized, multilevel analytic strategies to take into consideration social-structural influences on health. [30] [31] [32] [33] In one of the few perinatal studies that used multilevel modeling techniques, O'Campo et al. 34 demonstrated that associations between individual risk factors and LBW were moderated by neighborhood characteristics. Specifically, the adverse impact of older maternal age on infant birthweight was more pronounced under community conditions of high unemployment. The present study was undertaken to explore the impact of maternal age on infant birthweight under varying community conditions while taking into consideration the role of individual risk factors. Specifically, we aimed to clarify the contribution of maternal age to the likelihood of moderately low birthweight (MLBW) and VLBW among African American and White women living in a major urban area and to determine whether the association between older maternal age and low birthweight depends on community conditions.
METHODS

Study Population
The study included all first and second singleton births to US-born non-Hispanic African American and White women aged 20 to 39 years who delivered in New York City from 1987 to 1993 (n = 158 174). Third and higher-order births were excluded to eliminate the potentially confounding effects of high birth order and repeated short interpregnancy intervals. Multiple births were excluded to eliminate confounding due to the effects of fertility drugs on the maternal age-birthweight relationship. Because of the focus on the rise in reproductive risk with increasing maternal age following a period of minimum or baseline risk for MLBW and VLBW, the study included women from 20 through 39 years of age. Women born outside the United States and women of Hispanic origin were excluded to eliminate nativity-related influences on birth outcomes.
Data Collection
All individual-level data were obtained from New York City birth certificates (Bureau of Vital Statistics, New York City Department of Health) for the years 1987 through 1993. The data consisted of birthweight, race/ethnicity, maternal health, area of residence, maternal age, birth order, marital status, educational level, mother's place of birth, Medicaid status, and whether or not the mother smoked cigarettes or used drugs during pregnancy. Receipt of Medicaid during the perinatal period was used as a proxy for very low income. (In 1990, the annual income ceiling for Medicaid eligibility, regardless of marital status, ranged from $8200 for a family of 2 to $10 300 for a family of 4, with total resources not exceeding $5100 or $7100, respectively.) The outcomes of interest were MLBW (1500-2499 g) and VLBW (<1500 g), mutually exclusive categories, each assessed by a single binary item. The VLBW category largely comprises preterm deliveries, a classification that is etiologically distinct from MLBW (which includes some preterm but mostly full-term low-weight infants). The referent group for MLBW births excluded VLBW births.
Individual-level data were linked to aggregate-level data obtained from the 1990 US census for 328 health areas in New York City (1990 US decennial census, summary tape file 3a). The health area is a geographic unit established by the New York City Department of Health for statistical reporting of community health status indicators. It consists of 4 to 6 census tracts (approximately 20 000 people) and was adopted as the unit of analysis because sample sizes were large enough to yield stable estimates of relationships between risk factors and birth outcomes for both African American and White women in each health area.
Data Analysis
Age-specific analyses of MLBW and VLBW rates provided a cross-sectional view of birth outcomes across the childbearing years, stratified by race and birth order. Logistic regression was used to estimate the odds of MLBW and VLBW by maternal age, after controlling for the effects of the other individual-level risk factors. The odds ratio was used as an approximation of the relative risk of VLBW and MLBW, to show the increase in risk for each year of maternal age. The value of α was set at .01, and we report 99% confidence intervals (CIs) for all analyses. Comparisons of slopes across models employed the test statistic for parallelism, distributed as a Student t. 35 All covariates derived from New York City birth certificate data for use in these models were well-established risk factors for MLBW or VLBW: smoking (yes/no), unmarried status (yes/no), substance use (yes/no), Medicaid status (yes/no), and educational level (measured continuously in years). All risk factors were coded so that a high numeric value represents high risk (the education scale was inverted).
The racial and economic distribution of births within New York City communities provided sufficient variability to permit multilevel analysis. We hypothesized (1) that MLBW and VLBW rates would increase with community poverty and (2) that the association of older maternal age with MLBW and VLBW would be stronger in low-income than in higherincome communities. Community-level poverty was defined by US census data, using the proportion of residents falling below the federal poverty line for each of the 328 New York City health areas. This continuous measure was then divided into tertiles (empirical thirds of the total distribution) representing low (0%-13%), medium (14%-20%), and high (>20%) poverty.
To detect main and cross-level effects of community poverty on individual risk, we employed the nonlinear version of hierarchical linear modeling (hierarchical generalized nonlinear modeling, or HGLM), a recently developed approach that is suited to binary outcomes. 36 HGLM involves a 2-stage regression or "slopes as outcomes" approach, which we used to quantify and test (1) the main effect of community poverty on MLBW or VLBW and (2) the extent to which community poverty moderates the impact of individual risk factors. Table 1 shows the distribution of sociodemographic and behavioral risk factors by race and birth order for the study population. Inspection of the table reveals substantial differences by race; African American women were more likely than White women to be Medicaid recipients and unmarried at the time of birth, to report substance use in pregnancy, to smoke during pregnancy, and to have completed fewer years of education. In addition, the distribution of first and second births to African American (as compared with White) women for the entire 7-year study period was more highly concentrated in the 20-to 24-year-old age category, with the proportion of births declining steadily through the childbearing years. Table 2 shows the unadjusted rates of MLBW and VLBW by maternal age category, race, and birth order. Overall, African American women were approximately 4 times as likely as White women to deliver a VLBW infant, and they were increasingly likely to deliver a VLBW infant with advancing maternal age (beyond 20 years). This age-related trend was highly significant for first births (χ 2 = Measured continuously in years. For age, the adjusted odds ratio is interpreted as the percentage increase in the odds of MLBW or VLBW for each 1-year increase in age; for education, the adjusted odds ratio is interpreted as the percentage increase in the odds of MLBW or VLBW for each 1-year decrease in education.
RESULTS
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P < .001) and second (χ 2 = 29.11, P < .001) births to African American women. Age effects were also significant for both firstborn (χ 2 = 19.88, P < .001) and second-born White infants (χ 2 = 13.03, P < .01), although the agerelated trend does not appear before the maternal age of 30. The greater increase in MLBW rates with increasing age among African American women contributes to a larger racial disparity at older maternal ages. To determine whether or not these patterns of MLBW and VLBW over the childbearing years were explained by the distribution of other individual risk factors, we conducted logistic regression analyses, adjusting for demographic and behavioral characteristics: age, race, parity, unmarried status, smoking, Medicaid, substance use, and years of education. Table 3 shows the results of separate regression models for MLBW and VLBW. The first model for each outcome tested the main effect of each risk factor, adjusted for effects of all other individual risk factors. In the second model for each outcome, we tested the effects of all possible age ϫ risk factor interactions. Only significant age ϫ risk factor cross-product terms are shown in Table 3 .
After adjustment for the effects of other risk factors, both age and race remained significant predictors: older women and African American women were at increased risk for both MLBW and VLBW. With respect to MLBW, in addition to the main effects of age and race, there were 2 significant age ϫ risk factor interactions, indicating that the adverse impact of older maternal age was significantly heightened among African American women and among those receiving Medicaid. With respect to VLBW, the age ϫ race term was only marginally significant (P < .05), indicating that the adverse impact of maternal aging on VLBW was only slightly greater among African American women. There was no heightened risk for women receiving Medicaid. While crude rates indicated a larger maternal age effect among firstborns (Table 2) , regression analyses revealed no significant effect modification by birth order in any model after adjustment for other individual risk factors.
The presence of effect modification by race and poverty prompted further stratum-specific analyses. We constructed 4 regression models for MLBW and 4 models for VLBW to estimate the size of the maternal age effect associated with each combination of race and poverty, after adjusting for smoking, substance abuse, parity, marital status and education. The test statistic for parallelism was used to compare the magnitude of the odds ratios for maternal age effects across models. 35 The results, summarized in Table 4 , show that there is a significant effect of maternal age on MLBW in all 4 race-and-poverty groups, such that the likelihood of MLBW increases with advancing maternal age. The age effect for births to African American women receiving Medicaid was significantly greater than the age effect for births to African American women who were not receiving Medicaid (t = 5.13, P < .001). Furthermore, the age effect was significantly greater for African American Medicaid recipients than for White Medicaid recipients (t = 3.66, P < .001). Perhaps most important, there were no significant racial differences in the strength of the maternal age effect among women who were not receiving Medicaid (t = 1.94, NS), suggesting that the bulk of the racial disparity is driven by poverty. There were significant maternal age effects on VLBW among African American but not White women, regardless of Medicaid status. Figure 1 shows the dramatic nature of the stratum-specific MLBW rates in New York City, using unadjusted rates to illustrate the interactions demonstrated by the regression models. Although a racial disparity is present across the childbearing years, it is clear that the age-related increase is largely concentrated Smoking, unmarried status, substance use, parity, and education. c The 99% confidence interval does not include 1; the lower confidence limit was rounded from 1.002 to 1.00.
among very poor African American women. Figure 2 shows that the highest rates of VLBW are also concentrated among poor African American women, but the poverty effect is less dramatic. Among White women, there is no significant age or poverty effect on VLBW.
To highlight the contribution of maternal age to racial disparities in birthweight outcomes across the childbearing years, we used the regression weights from the omnibus logistic regression models shown in Table 3 to calculate the odds of MLBW and VLBW, respectively, for African American women in 5 age categories, with all other risks (including agerelated interactions) held constant. 37 The odds ratios are interpreted as the likelihood that an African American woman, as compared with a White woman, will experience MLBW (or VLBW) at a particular age, all other risks being equal. As shown in Figures 3 and 4 , the odds ratios increase steadily from age 20 through age 40 for both MLBW and VLBW, illustrating the contribution of the maternal age effect ("weathering") to increasing racial disparities over the childbearing years.
Community-Level Effects
To explore the impact of community-level poverty on race-specific rates of VLBW and MLBW and the magnitude of maternal age effects, we assigned individual births to high-, medium-, and low-poverty communities on the basis of maternal address at the time of delivery. Table 5 shows crude MLBW and VLBW rates by maternal age, race, and community poverty level. There is an unadjusted effect of community poverty for African American and White women at all ages-the poorer the community, the higher the rates of MLBW. In addition, among African American women, the age effect is most extreme in the poorest communities. With respect to VLBW, there is no indication of either a main community effect or an age ϫ community poverty interaction.
To determine whether the apparent main effect of community poverty on MLBW is simply a proxy for the individual poverty effect, we stratified the MLBW rate for African American women into Medicaid and nonMedicaid groups at each level of community poverty. Figure 5 shows that the community poverty effect is relatively constant across Medicaid and non-Medicaid groups and that the effect of individual poverty is similar at each level of community poverty. There is no suggestion of an interaction between individual and community poverty.
Multilevel Modeling
The main effect of community poverty on MLBW rates (suggested by both Table 5 and Figure 5 ) could be a function of the association between community poverty and other individual-level risk factors. That is, women living in the poorest communities are more likely to be unmarried at the time of birth, to abuse drugs, and so forth, than women living in more affluent communities, introducing a form of aggregation bias to estimates of effect. A more rigorous test of the community effect on MLBW requires simultaneous adjustment for the effects of differences in the distribution of all individual risks between communities. The question is whether 2 women who have similar individual risk profiles (Medicaid coverage, smoking during pregnancy, etc.) but live in different kinds of communities have the same probability of delivering a MLBW baby, or whether the probability of MLBW varies as a function of the poverty level in the community of residence.
The second question concerns the impact of maternal aging in different types of communities; that is, does the association between older maternal age and MLBW become stronger as a function of community poverty? To answer these questions, we used HGLM. Nonlinear modeling was used because the birthweight outcomes are dichotomous. In the level 1 models, MLBW and VLBW were regressed on individual risk factors and interaction terms within each of the 328 health areas (level 1 model: log[P/(1 -P)] = β 0 + β 1 [unmarried] + β 2 [Medicaid], etc.), making this the HGLM equivalent of a logistic regression model. In the level 2 models, the regression coefficients (slopes and intercepts) from the level 1 models become the outcomes, and the unit of analysis shifts to the health area level. The level 2 model tests, within health areas, (1) whether community poverty predicts the absolute MLBW or VLBW rate (within health area intercepts as outcomes) and (2) whether community poverty predicts the strength of association between maternal age and birthweight (within health area slopes as outcomes).
In HGLM, the effects of community poverty are adjusted for all covariates, both individual-level and community-level. The level 2 model is given by β q j = γ q0 + γ q1 W j + u q j , where γ q0 and γ q1 are the level-2 intercept and slope for community poverty with respect to the outcome B q j ; W j is the value of community poverty for the jth health area; and u q j is a level-2 random effect. For the analysis of community-level effects on birth outcomes, 158 174 births were nested within 328 health areas.
The final estimates of effects in race-specific HGLM models for VLBW and MLBW revealed a significant main effect of community poverty on MLBW among African American women only (γ 01 = 0.0723, 99% CI = 0.0176, 0.1270), after controlling for the individuallevel effects of maternal age, birth order, Medicaid, marital status, smoking, substance abuse, education, and the 2 interaction terms involving age that were significant in the original logistic regression models. Among White women, there was no main effect of community poverty on MLBW (γ 01 = 0.0326, 99% CI = -0.0500, 0.1152).
Furthermore, there is no evidence for cross-level effects in either racial group, meaning that the effect of maternal aging on MLBW is not exacerbated by community poverty when individual risk is controlled. The age ϫ community poverty effect for Af- 
DISCUSSION
In New York City between 1987 and 1993, African American women were almost 4 times as likely as White women to deliver a VLBW infant and 2 to 3 times as likely to deliver a MLBW infant, for both first and second births. Crude rates revealed a steady increase in the proportion of VLBW and MLBW with advancing maternal age for African American women, and this trend was most marked for first births. After adjusting for demographic and health behavioral risk factors, multivariate analyses showed that African American women still experienced increased risk of VLBW and MLBW with advancing age.
Among White women, adjusted analyses revealed a small but significant age-related increase for MLBW, but no maternal age effect for VLBW. The extreme age-related effects observed for African American women in relation to MLBW were largely concentrated among poor women. In fact, among women not receiving Medicaid, the increased risk of MLBW with advancing maternal age was not significantly greater for African Americans than for Whites, after adjustment for other individual risk factors. This finding supports the idea that racial differences in the effect of maternal aging on MLBW are exacerbated by, or depend on, individual poverty.
The joint impact of maternal age and poverty on MLBW, a category of births reflecting fetal growth problems, may reflect length of exposure to poverty-related factors such as nutritional status, prepregnancy weight, and weight gain during pregnancy. As suggested by Geronimus, individual poverty and the stresses that accompany poverty may work to erode overall health among African American women, with serious consequences for MLBW, regardless of birth order. 19 Our results support this idea by showing that the age effect is most extreme among poor African American women. With respect to VLBW, an outcome associated with preterm delivery, exposure to individual poverty does not exacerbate the maternal age effect. In this study, VLBW was only a crude proxy for preterm birth, an outcome that likely comprises a number of etiologically distinct categories. In the absence of more accurate birth certificate data for gestational age and a more refined classification system for preterm births, 38 possible differential effects of maternal age and poverty on different categories of preterm deliveries cannot be evaluated. In addition to the contribution of individual poverty (as defined by Medicaid eligibility), we explored the impact of community socioeconomic conditions on the age-related patterns. Holding individual-level risk factors constant, we found a significant main effect of community poverty on MLBW rates for African American but not White women, such that MLBW rates among African American women were higher in the poorer communities. That is, if 2 African American women have similar individual risk profiles, but woman A lives in one of the poorest communities in New York City and woman B lives in a more affluent community, then woman A is at higher risk for MLBW than woman B. Multilevel modeling also enabled us to test cross-level effects-the potential moderating effects of community poverty on the predictive power of individual risk factors. There was no indication that community poverty exacerbated the effects of individual poverty or maternal aging over the childbearing years.
Several other studies have reported crosslevel effects on weathering, finding that the 19 Although the crude rates in the present study intimated such an interactive effect, multilevel analyses, adjusted for individual social and health behavioral factors, did not confirm this finding. Rather, after adjustment for individual poverty, the age-related pattern was observed for African American women at all community income levels. The significance of this age-related effect among African American women residing in higher-income communities (and hence, a constant effect across the whole range of communities) may have been detectable in the present study because of the large sample size; there were 11 364 births to African American women who were at least 30 years of age, and of these, 2116 women were residing in higher-income communities. The interpretation of community-level effects in this and other studies is, at best, a perilous enterprise, even when one attempts to take individual-level risk into account. At the individual level, we used maternal Medicaid status (yes/no) at the time of delivery as a proxy for poverty. Poverty, of course, is not a dichotomous phenomenon. It may well be that African American women receiving Medicaid and living in the very poorest communities are more impoverished than African American Medicaid recipients living in more affluent communities, and that we have failed to capture this variability despite the attempt to measure poverty at both the individual and the community level. For this reason, the community effect may simply reflect incomplete measurement of individual-level risk.
Furthermore, there are many unanswered questions about the scale or radius of influence on birth outcomes. The health area is a large "community" and may not conform to the boundaries that define an individual woman's sense of space. Although community income has been shown to be the domi- RESEARCH  nant factor differentiating communities in New York City, 39 it is only a crude indicator for a web of social and environmental exposures. 40, 41 These exposures include norms regarding health practices, political power structures, low social capital, 42 discrimination, and many other social stressors that disproportionately visit African American women as well as the communities in which they live. 27, 43, 44 Furthermore, it may be the burden of deprivation relative to the advantages of other groups or individuals living nearby that is actually responsible for the adverse effects of low income on general health status. 45, 46 But while the interpretation of a community poverty effect for African American women is debatable, the finding is nevertheless important. First, the presence of significant community effects, over and above the contribution of individual risk factors, underscores the importance of poverty-related risk (regardless of its scale) for MLBW among African American women and further suggests that this risk may be associated with the quality of the communities in which women reside in large urban areas (a nonrandom and race-related phenomenon).
Second, although individual income as an indicator of poverty or wealth is unreliable and subject to fluctuations over short time periods, community conditions change more slowly, providing a more constant set of influences on individual health. To the extent that women are exposed to similar kinds of community environments in the period leading up to and during their childbearing years, community-level effects, however crudely measured, capture a more chronic view of poverty-and race-related experience. At the community level, it is very likely that inequalities in health result from group differences in exposure to an accumulation of health-damaging or health-promoting environments over time. [47] [48] [49] [50] [51] [52] Just as Starfield et al. 18 have shown (at the individual level) that it is chronic poverty rather than a brief period of welfare receipt that is most predictive of birth outcomes, studies are needed to explore residential history or patterns of exposure to various community conditions and how these cumulative exposures relate to reproductive health outcomes throughout the childbearing years. Such studies will almost certainly require new analytic strategies to take into consideration a more dynamic interaction of individuals with each other as well as multiple exposures over time. 33 In summary, the age-related patterns of MLBW and VLBW seen in this New York City population provide a picture of differential reproductive risk over the childbearing years as a function of individual poverty and race. The actual size of the racial disparity in MLBW and VLBW at any time will depend on several conditions: (1) the increasing odds of MLBW and VLBW with increasing maternal age, as demonstrated in Figures 3 and 4; (2) the distribution of births by maternal age in each racial group; and (3) the distribution of births by community type.
During the 1987-1993 study period, the age distribution of births to African American women changed. In 1987, 9.3% of all African American singleton births in New York City were to women aged 35 years or older. In each successive year, the percentage increased by approximately 0.5%, so that by 1993, 12.8% of all African American singleton births were to women aged 35 years and older. To the extent that this trend continues, 5 there will be increasing numbers of African American women exposed to "weathering" (the processes underlying maternal age-related risk) and the racial disparity will persist. Although a discussion of the race-poverty link (and how individuals "choose" or are selected into urban communities) is beyond the scope of this article, disproportionately higher rates of individual and community poverty among African American, as compared with White, women will also contribute to the disparity. It is clear that being African American and poor at 20 years of age carries meaningful reproductive risks, but the incidence of low-birthweight outcomes to poor African American women after the age of 30 is truly alarming. For poor women, and especially for poor African American women, maternal age undoubtedly reflects length of exposure to a lifetime of health-eroding experiences, a factor captured, but not fully explained, by Geronimus' elegant and unsettling construct of weathering. The public health challenge is now to assess and redress these exposures. 30 
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